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POLICY SIMULATION OF THE
INTERNATIONAL COFFEE ECONOMY :
FINAL REPORT

by Walter C. Labys*

Summary

This final report describes the completed research of
i ® the coffee policy simulation project. It briefly reviews
progress leading to the policy simulation stage, describes
the policy simulation procedure itself and presents some
simulation results. The report traces research activity

that has taken place between August 12 and September 14, 1981,

,("‘

J and consists of the following parts: model estimation and

D testing, model base forecasts, and policy simulation of

‘ guota levels. The theoretical specification adopted for
the coffee model that provides the basis for the simulations
is given in the initial project report: rpolicy Simulation
: i of the International Coffee Economy: Model Description.k\\
h Model Estimation and Testing \—JY\

The estimated or empirical model that has been deriv&d
from the theoretical model specification is given in the second
; project report: "Policy Simulation of the International’
Coffee Economy: Interim Report." Missing from that report

are the final variable adjustments to individual equations.

These are listed below incomplete of the underlying statistics

#visiting Professor, Massachusetts Institute of Technology.
This research is being funded under a Department of State FY-81
. external research contract.
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Of parameter significance, goodness of fit, and auto~
correlation. The list of variables employed in the model
is given below in Table 1, and equation statistics may be

found in Appendix 1.
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TABLE 1

LIST OF COFFEE MODEL VARIABLES

(As utilized in the econometric specification)

Symbol ~Identification

Endogenous
QBRA Brazil qoffee production
QCOL Colombia coffee production
QSAMOTHER Other South America coffee production
QAFR Africa coffee production
QASIA&OCE Asia and Oceania coffee production
QNAM North America coffee production
QWORLD World coffee production
EXBRA Brazil coffee exports
EXCOL Colombia coffee exports
EXSAMOTHER Other South America coffee exports
EXAFR Africa coffee exports
EXASIA&OCE Asia and Oceania coffee exports
EXNAM North America coffee exports
EXWORLD World coffee exports
CONBRA Brazil coffee consumption
CONCOL | Colombia coffee consumption
CONSAMOTHER Other South America coffee consumption
CONAFR | Africa coffee consumption
CONASIA&OCE Asia and Oceania coffee consumption
CONNAM North America coffee consumption




PICA76

PBRICA

PCOL

PMLA

PRl

Pl
PGUAT

MOTHER
MWORLD
IEBRA
IBCOL
IESAMOTHER
IEAFR
IEASIA&OCE
IENAM
IEPRODXBRA

ICO composite indicator price, 1976
Agreement (unweighted average of

robustas and other mild arabicas). This

price series may have to be adjusted
to reflect the new agreement formula.

Unwashed arabicas price (Brazilian,
Santos No 4). This price series needs
to be replaced by a better price such
as U.S. unit value imports.

ICO Colombian mild arabicas price
(Colombian Mams). This price series
needs to be replaced by a better price
such as U.S. unit value imports or
Guatemalan prime washed.

ICO other mild arabicas price (El
Salvador, Central Standard, Guatemalan
Prime Washed, Mexico Price Waghed).

U.S. Unit Import Value (Deflated)
for coffee

U.S. Unit Import Value for Coffee
Guatemala prime washed price
United States net coffee imports
European gross coffee imports

Rest of World gross coffee

World gross coffee imports

Brazil coffee inventory (end of year)
Colombia coffee inventory

Other America coffee inventories
Africa coffee inventories

Asia and Oceania coffee inventories
North America coffee inventories

Coffee inventories held by producers
other than Brazil




IEPROD Total producers coffee inventories

IEUS United States green coffee inventories

AHBRA Brazil acreage harvested (ha)

YLDBRA Brazil coffee yield (60 kg bags/ha)

QINV Inventories accumulated
as a result of guota operations
Exogenous

GNP$75US GNP in United States at constant market
prices '

GDP$75EUR GDP in OECD-Europe it constant market
prices '

T Time trend variable

quota

X ICA coffee export quota for world
or for individual regions

CPIUS United States Consumer Price Index

DPR Dummy variable for PRl based on ICA
quotas and 1977 member
disruption

DIBRA Dummy variable for extremes in Brazil
coffee inventories

RSTUS Dummy variable for United States
reported green coffee roastings

ACCUS Dumnmy variable for United States
apparent green coffee roastings

DCuUs Dummy variable for extremes in United
States coffee roastings

DAFR Dummy variable for Africa
production cycle

DCOL Dummy variable for Colombia
production cycle

DNAM Dummy variable for North America

production cycle




oo
DSAMOTHER Dummy variable for Other South America
production cycle
DMI Dummy variable for extremes in rest
. of world imports
The testing of the model required that the estimated

and actual values of the endogenous variables in the model
be reasonably close over the sample period of model estimation,

1960-80. This closeness or accuracy can be measured in a

number of ways, the most simple one being the mean average

percent error (MAPE):

N .
z E,~AR
' MAPE = _l_ g t t x 100%
’ M
t-1

Ay

where E, = estimated value of a variable in time period t,
A, = its actual value, and n = number of time periods. Table 2

shows the MAPE for different versions of the coffee model

tested. The final model selected HISTSIM831 -shows
reasonably good accuracy with less than 10 percent error for
most variables. Brazilian exports proved as exception at
19.0 percent, largely because of the model's inability to

simmulate erratic government intervention policies.




Endogenous
Variables

QBRA
QCOL
QNAM
QSAMOTHER
QAFR
QASIA&OCE
QWORLD
MWORLD
MUs

MEUR
MOTHER
IEBRA
IEPROD
EXBRA
EXWORLD
PR1

AHBRA
ACCUS
PICA76

MEAN AVERAGE PERCENT ERROR

Table 2

FOR COFFEE MODEL ENDOGENOUS VARIABLES
OVER THE SAMPLE PERIOD

1960-1980
MAPE MAPE MAPE ® MAPE " MAPE °
Version 1 Version 2 Version 3 Version 4 Version
6.49 6.46 8.49 9.70 9,81
3.46 3.18° 3.62 4.79 4.83
6.94 6.87 7.46 8.13 7.74
4.96 4.64 5.56 6.13 5.85
7.91 7.78 8.25 4.53 4.52
4.65 4.93° 5.95 7.10 6.64
3.46 3.12 2.75 2.46 2.39
2.45 2.28 2.49 2.85 2.68
3.99 3.18 - 3.26 3.50 3.41
2.87 2.73 2.84 3.05 2.98
5.57 £.57 5.31 5.31 5.31
12.14 12.75? 31.26 41.85 9.12
6.72 6.96 12.55 16.30 4.66
14.91 16.06 16.71 18.98
7.40 7.19 5.52 4.80 4.77
10.30 12.08% 11.36 10.76 11.07
6.49 6.46 8.49 9.70 9.81

2. 52 .
12.41

1) Version WED1700 - ARl equations

2)Version Aug20A - PRl equation uses EXWORLD rather
than QWORLD

$)Version NEWHIST827 -

»)VersionHISTSIM828 ~ Coffee@HIST1 with all new
equations required by USDA revisions
s)Version HISTSIM83l1l -~ Coffee@HIST1 with add
factor for IEBRA

With new USDA data




MODEL BASE FORECASTS

Problems of Model Forecasting. To evaluate the

impact of the coffee export quota levels over the next five
years, a base forecast extending from 1981-1986 had to be
prepared. Three problems in particular had to be solved.

First, the exogenous variables in the model such as
GNP and CPI had to be forecast over the same period. This
was accomplished largely using forecasts in existing data
banks, mainly those of Data Resources, Inc. Other exogenous
variables to be forecast included consumption and inventories
in the producing regions.

Second: the special class of exogenous variables, the
dummy variables, had to be extrapolated into the future. This
was accompligshed by careful analysis of foreseable market
conditions, asbexplained in the next section.

Third, the slight differences between FAO demand data
and USDA supply data had to be reconciled in the forecast
period to facilitate export guota operations with the model.
This was accomplished by equating imports with exports at the
world level. A residual adjustment was then made and allocated
to other importing regions.

Model Adjustment. The selection of values for the
dummy variables in the model followed the perception of foreseeable
market conditions. These conditions in turn have been checked
with expert opinion so that a realistic model forecast could
be proposed. The variables together with their values are
reported in Table 3. Below a rationale is presented for each.




Brazil. The unexpected large production of 32,000,000
bags for Brazil in 1981 required that several related variables
be adjusted. First, an absolute increment of 5,000,000 bags
(QBRA) was added to the model's prediction. Second, crop yields
that were predicted exogenously were increased from 9 to 11
bags/hectare for 1981. Brazilian inventories (IEBRA) also
were decreased and placed in sales to prevent overaccumulation.
Finally, area harvested (AHBRA) as predicted by the model grew too
sharply and the area was decreased to make the prediction
more realisti -,

TABLE 3

EXOGENOUS VARIABLE ADJUSTMENTS
FOR THE FORECAST PERIOD, 1981-~86

G 1 B L L L B aa o
i §si§§ DS L i th v pa H
SAHBRA SQBRA S 1EBRA SPR1 SMEWR
} .000 5,000.000 -3,000.000 -16. -2, .
}gg 1 §:080 >h:a08 28088 :§:: 4
ZERBRIYE




Colombia. The dummy variable reflecting cyclical
fluctuations in the coffee tree production cycle DCOL was
changed from 0 - 1 variation to 0 - 0.5 variation to reflect
the declining influence of this cycle in Colombia.

Africa, South America and North America. The cyclical

production dummies were changed from 0 - 1 variation to a constant
0.5 value to reflect the declining influence of this cycle,
i.e., Qégg, DNAM, and DSAMOTHER. The increase in the value to
0.750 in later years for Africa reflects the cumulative effect
of increased tree plantings on African production.

Europe. Because coffee consumption in Europe is believed
to be near saturation level, the model's prediction which did not
include this factor were too high and a downward adjustment
has been made. See MEUR.

Prices. A dummy variable DPR has been used to account
for direct, unusual frost effects on coffee prices. An adjustment
is shown in 1982 to reflect the Brazilian frost condition
carrying over from 1981.

Base Forecast Validation. Given the above model

adjustments, a base forecast has been produced which provides
the "most likely" coffee market scenario under free market
conditions, i.e., with no international coffee agreement
including export quotas in effect during the forecast period.
The export quota simulations are then tested with this scenario
as the basic market outlook. The base forecast for the major

endogenous variables is summarized in Table 4.
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A typical problem of forecasting with a model is that

the accuracy of the forecasts irn a future period cannot be

determined, since actual values are not available for comparison
with forecast values. One approach is to start the forecasts
earlier, to "save" several periods for comparision. The approach
deemed most useful here is to compare the model's forecasts

with some alternative forecasts that could be said to reflect

! "expert" judgment. Below such a comparison is made for a

selected set of variables. The source of the alternative
forecasts are unofficial "expert" forecasts by economists

from the World Bank and other institutions.

The pattern of world coffee trade forecast by the model

is compared to the expert forecasts in Table 5. The expert

production forecasts reflect a growth rate of 1.4 percent from
the actual 1980 value. The model forecast of 90,776,000 bags

for 1986 compares favorably to the export forecast of

89,943,000 bags. The model forecast in the interim years,
however, reflects changing production conditions. For example,
the large 1981 and small 1982 production forecasts reflect the

Brazilian influence, a bumper crop followed by a frost-

induced decline. Other producers catch up in 1983 but
relatively "ower prices in previous years stall any further
production growth until 1985 and 1986.

The model's export forecast of 62,784,000 bags
approximates that of the experts at 63,752,000 tons by 1986.

The latter reflects a growth rate of 1.2 percent from the

-1980 actual value. Fluctuations in intervening years reflect
the carryover of production from 1981 to 1982 as well as
the other stated production conditions.
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Table 5
MODEL FORECAST COMPARISON FOR o
WORLD PRODUCTION AND EXPORTS j
1981-1986
' PRODUCTION * EXPORTS *
! Expert Model Expert Model
{ Forecast Forecast Forecast Forecast 3
{
, 1980 82,745 78,778 59,850 55,186
1981 83,903 94,850 60,060 60,651
1982 85,078 78,531 60,783 62,141
1983 86,269 85,363 61,512 59,721
1984 87,477 84,921 62,250 60,147
1985 88,702 86,496 62,997 60,713
1986 89,943 90,776 63,752 62,784

*000/bags
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Underlying the above world production and export
forecasts are those of individual countries and regions.
Forecast comparisons for Brazil, Colombia, and Africa are
shown in Tables 6, 7, and 8. The model's prediction
of Brazilian production conditions reflects the bumper crop
and subsequent frost of 198l1. By 1985 the model forecasts
exceed the experts' forecast; this largely reflects the
increasing number of coffee trees in Brazil. The experts
forecast is based on a growth rate of 3.7 percent from 1980.
Exports, however, are expected to grow more slowly: the
experts employed a growth rate of 3.1 percent from 1980. Both
the expert forecasts and model forecasts are very similar
for 1984, 1985, and 1986. The model does not forecast a
greater export level; even though Brazil's production is

increasing, world imports are expected to slow down, preventing

a higher export level. 1In addition, Brazilian coffee inventories,

determined endogenously, are expected to increase over the forecast

period.
The model prediction for Colombia's production grows

at about the same rate as the experts. The latter is based
on a 1.4 percent growth rate from the 1980 level. However,

an annual fluctuation can be perceived because of the cyclical
crop production pattern. This same pattern is reflected in
Colombia's exports. The growth rate of 1.0 percent suggested
in the experts forecasts is less then that of the model. This




increase is based on the assumption of a relative increase

in the demand for milds.

The model and expert forecasts for African production and
exports are given in Table 8.
are based on a growth rate of 2.4 percent from 1980 and the
export forecasts on 3.1 percent; In both cases, the forecasts
are similar by 1986.

realistically the impact of crop fluctuations on production

and exports.

Table 6

MODEL FORECAST COMPARISON FOR
BRAZIL PRODUCTION AND EXPORTS

The expert production forecasts

The nodel forecasts show more

1980-1986
PRODUCTION* EXPORTS*

Forecast Forecast |Fovecast | Forecast
1980 20,000 18,069 12,000 13,428
1981 20,740 33,395 12,372 17,318
1982 21,507 18,017 12,755 14,536
1983 22,303 | 25,771 13,151 14,018
1984 23,128 24,516 - 13,554 13,831
1985 23,989 25,314 13,979 13,922
1986 24,872 27,746 14,413 14,343

- e — a2 oo e s
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Table 7

MODEL FORECAST COMPARISON FOR
COLOMBIA PRODUCTION AND EXPORTS

1981-1986
| PRODUCTION®* EXPORTS*
[ ]
Expert Model Expert Model
Forecast | Forecast Forecast | Forecast
‘ ! 1980 14,000 13,889 9,750 9,638
]
{ 1981 14,196 14,657 9,848 10,657
; 1982 14,395 15,051 9,946 | 12,121
} 1983 14,596 14,668 10,045 11,718
]
. 1984 14,801 15,115 10,146 12,115
' 1985 15,008> 14,878 10,247 11,828
!
' 1986 - 15,218 15,343 10,349 12,242
Table 8
MODEL FORECAST COMPARISON FOR
AFRICA PRODUCTION AND EXPORTS
1981—198§
PRODUCTION?* EXPORTS*
Expert Model Expert Model ]
Forecast Forecast Forecast Forecast
1980 ' 19,171 19,392 14,052 14,795
1981 18,950 18,894 15,441 15,324
1982 19,405 18,435 15,920 15,695
‘ 1983 19,870 18,742 16,413 15,952
1984 20,347 19,287 16,922 16,447
1985 20,836 | 20,329 17,446 17,340 )
21,336 21,716 . 17,987 18,676
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No forecast comparisons appear for the other producing

regions in the model, since expert forecasts could not easily
be assembled for these regions. The declining values of
production and exports for North America reflect the expected
continued downward trend in coffee production in this region >
due to coffee rust problems, the associated high cost of ‘
production, and increasing political instability in the major
producing countries.

The forecast comparisons for world imports is given in
Table 9. The expert forecast is based on a growth rate of 1.2

percent from an estimate of 1980 imports. The model forecast

for 1986 is 65,647,000 bags compared to 63,753,000 bags for
the expert forecasts. The world import levels reached for
1981 increase only slightly by the end of the forecast period,

reflecting the model's assumption of relative saturation of coffee

demand in the United States and in Europe.

The final comparison is that of prices. Model forecasts
have been prepared for the basic model price, the U.S. unit
import value, as well as the Guatemala Prime washed price.
Except for 1981 and 1982 the model's prices are above the
expert forecast price. The model better reflects the changes
in production and exports occuring in response to the Brazilian

situation.




Table 9

MODEL FORECAST COMPARISON FOR

WORLD IMPORTS*

Expert Model
Forecast Forecast
1980 62,000 ’ 62,372
1981 60,060 : 63,637
1982 60,783 65,158
1983 61,512 65,092
1984 62,250 64,194
1985 62,997 64,998
1986 63,753 65,647
Table 10
MODEL FORECAST COMPARISON POR PRICES
(Current value, 1981-1986)

Guatemala Prime Washed U.S. Unit ] value 3

Expert | Model | Expert | M%eI

Forecast Forecast Forecast Forecast
1980| 164.3 209.2 141.9 182.3
1981 | 127.3 118.5 109.9 103.0
1982 | 134.1 107.1 115.8 93.0
1983 147.9 156.3 127.7 136.0
1984 | 161.6 174.5 134.6 151.9
1985 175.4 185.9 | 151.5 | 161.9
1986 | 189.2 193.6 163.4 168.6




Policy Simulation of Quota Levels

Model Simulation Program. The theoretical specification

of the submodel that would predict the impact of alternative

quota level and trigger price mechanism policies has been described®
in the project papers cited ear;ier, *Model Description®™ and
"Interim Report." The translation of that theory into an

effective agreement evaluation submodel has been accomplished

by constructing an overall model framework. This framework
described in Appendix 2 can be operated interactively with the
model using the DRI network. The model equations used for

the guota simulation are contained in Appendix 3.

The program featuring the quota simulation framework
attempts to maintain coffee prices within the price range
specified by the agreement. Block I of the model shown
in Appendix 2 decides whether coffee should be placed into stocks
or removed from stocks. 1In the former case, the program
advances to Block II of the model and stocks reflecting
differences between export levels and quota levels are
stored. In the case of .higher prices and the need to place
stocks on the market, the program advances to Block III of
the model. Coffee stocks are liguidated to help move prices
within the specified éinge.

Not included in the Appendix 2 are a set of additional
statements and equations that determine changes in revenue
resulting from quota operations for the various exporting and
importing regions in the model.
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Selecting Quota Allocations. To perform simulation

analysis with the quota program, it is necessary to establish

quota levels for testing and then to allocate them among the

exporting countries belonging to the ICA. The quota levels

to be analyzed are those reflecting the policy position of

the U.S. Government, some 55-56 million bags at the world level.
To allocate these global quotas among countries, either

the allocation can be given or it can be generated on the

basis of past allocations. The latter approach has been employed

initiall>. The following listing shows the distribution of the basic

ICA annual guota of 57,370,000 bags for the crop year 1980/1981

together with the distribution of non-quota exports. Aggregations

have been performed such that the regions reported conform to

those of the coffee world.

Region Basic Quota Non-Quota Total
Brazil , 14.5 0 14.500
Colombia 9.7 0 9.700
North America 10.5 0.780 11.280
Other S. America 2.2 0.163 2.363
Africa 13.2 0.984 14.148
Asia and Oceania 5.0 0.373 5.373
Total (000 bags) _ » . 57.364

Here non-quota exports of 2,300,000 bags were allocated
according to the percentage distribution of the basic guota




among these four regions. The total export allocations

shown in the final column after being converted to percentages
provide the basis for the export allocations in the gquota
program.

A simulation for the period 1982-86 was performed under
the assumption that an Internat;onal Coffee Agreement (ICA)
similar to the one currently in effect (export quotas'as
described in the previous paragraph and a price range of
$1.15-1.55/1b.) is in operation over this period. As shown
below, the simulation suggests that the ICA would not be
successful in keeping prices within the specified range: the
price is below the floor in 1982 and above the ceiling in
1984-86 (the price is within the range in 1983, as it also
was in the base simulation). This appears to be because
the stocks accumulated in the (unsuccessful) attempt to raise
prices in 1982 are exhausted in 1984, the first year of
pressure on the ceiling, leaving little in the way of stocks
to defend the ceiling in 1985-86.

One point that should be made at this time is that a
comparison of projected "free market" export levels (Table 4)
with the export quotas used for this simulation shows that
Brazil, North America, and South America will likely not be
able to meet their quotas 1982-86, while Colombia, Africa
and Asia and Oceania could easily exceed theirs. This means
that the pattern of inventory accumulation and ligquidation
simulated by the model may not accurately reflect the actual




-23-

pattern. The ICA has provisions regarding the reallocation
of export quota shortfalls, and clearly it would be desirable
to include an export quota reallocation feature in the next

version of the coffee model.

PRICE
(PICA76)
Year Base Forecast Quota Forecast
1982 $0.98 $1.09
1983 1.43 1.55
1984 1.60 1.67
1985 1.71 1.77
1986 1.78 1.82




Appendix 1
Equation Statistics'

AHBRAEQ
LEAST SQUARES WITH FIRST-ORDER AUTOCORRELATION CORRECTION

ANNUAL(1961 TO 1980 20 OBSERVATIONS °
PEN)&N? VARIABEE:) AHBRA
COEFFICIENT STD. ERROR T-STAT INDEPENDENT VARIABLE

281.225 227.5 1.236 CONSTANT
D 0.559341 0.1301 4.299 AHBRA\ 1
2 20.6913 6.896 3.000 PRIN7
0.474394 0.2763 1.717 RHO
R=-BAR ARED: 0.9594
DURBIN-WATSON STATISTIC: 1.4323
STANDARD ERROR OF THE REGRESSION: 157.7 NORMALIZED: 0.05739

1EBRAEQ

LEAST" SQUARES WITH FIRST-ORDER AUTOCORRELATION CORRECTION

1961 TO 1980 SERVATIONS
DEPEhD&Ng o8 1%0

VARIABLE:
COEFFICIENT STD. ERROR T=-STAT INDEPENDENT VARIABLE
-17556.0 2236 -7.853 CONSTANT
D 0.883839 0.03300 - 26.78 (1EBRA\1+QBRA)
2) 4490.96 1171 3.835 DIBRA
0.408299 . 0.2433 1.678 RHO

Wﬁsé.rﬁ%&méﬁg 2'091' NORMAL I ZED : 0.06;36




Appendix 1 (continued)

QCOLEQ

R el i o e

1-2

LEAST SQUARES WITH FIRST-ORDER AUTOCORRELATION CORRECTION

¢ ANNUAL(1961 TO 1980) 20 OBSERVATIONS
‘ DEPENDENT VARIABLE: ™ QCOL
¢ COEFFICIENT STD. ERROR  T-STAT  INDEPENDENT VARIABLE
-1237.55 408.7 - -3.028  CONSTANT
D 1.03342 0.06784 15.23  QCOL\1
2) 11.1456 5.426 2,054 PRI\
3) 1437.51 165.8 8.669  DCOL
-0.631282 0.2014 -3.135 RHO
ouasm-s%rsou STAT g?c 8 76 _
STANDARD ERROR OF THE GRE ION: 297.6  NORMALIZED: 0.03313

QSAMOTHEREQ

ORDINARY LEAST SQUARES

A ANWALCLO6L TO 1980 Q§2,3°T,£SE§VA"°"5
| COEFFICIENT STD. ERROR  T-STAT  INDEPENDENT VARIABLE
? 280.026 348.5 0.803%  CONSTANT
E 1 0.762773 0.1267 6.018  QSAMOTHER\1
D 5.70501 3.501 1.629  PRI\1
3) 388.521 122.5 3.170  DSAMOTHER

R-BAR SQUARED: 0.8263

BURBINWATOON. STATIATIC:  2.0513 .

STANDARD ERROR OF THE REGRESSION: 236.1 NORMALIZED: 0.07479

QNAM

ORDINARY LEAST SQUARES

SPUBGTOIIED Gl mserarion
COEFFICIENT  STD, ERROR  T-STAT
2112.55 1235 1.710
1) 0.708054 0.1185 5.975
2) 20,5825 12.26 1.682

3) 1185.16 376.4. 3.149

WN-W srxffmc.

INDEPENDENT VARIABLE
CONSTANT

QNAM\1

PRI\1

DNAM

crisiion: 881.6  NORMALIZED: 0.07107




Arvendix 1 (continued) 1-3

QAFR2EQ
ORDINARY LEAST SQUARES
j
ANNUALC1960 TO 1980) 21 OBSERVATIONS f
DEPENDENT VARIABLE: QAFR ’
COEFFICIENT STD. ERROR  T-STAT  INDEPENDENT VARIABLE 3
-3007.58 2136 -1.408  CONSTANT >
1) 0.990399 0.07940 12.47  QAFR\1 '
2) 31.4871 14.76 '2.133  ((PRI\8+PRI\G+PRI\10)/3) ,]
! 3 3045.99 295.9 10.30 DAFR
R-BAR SQUARED: 0.9485
DURBIN-WATSON  STATISTIC: 1.7811
STANDARD ERROR OF THE REGRESSION: 557.6 NORMALIZED: 0.03045

QASIASOCEEQ 1

o e e — e

LEAST SQUARES WITH FIRST-ORDER AUTOCORRELATION CORRECTION

ANNUAL (1961 TO 19800 20 OBSERVATIONS
DEPENDENT VARIABLE:  QASIASOCE

COEFFICIENT  STD. ERROR T=-STAT INDEPENDENT VARIABLE

-60.7836 261.2  =0.2327  CONSTANT
1) 0.972497 0.07706 12.62  QASIASOCE\1
2) 11.2852 5.864 1.92¢  PRINL
L3928, 0.2417 -1.624 RHO

R-BAR S%
DURBI TSON STATISTIC 2.1261
STANDARD ERROR OF THE REGRESSI(N. 394.2 NORMALIZED: 0.06937

MUS3EQ

ORDINARY LEAST SQUARES

ANNUAL(1960 TO 19800 21 OBSERVATIONS
PEN)&N% VARIABLE: MUS
COEFFICIENT  STD. ERROR T-STAT INDEPENDENT VARIABLE

| 28611.2 874.6 32,71  CONSTANT
1 49,7558 11.72 4,245 PRI
, 2) -3.84711 0.8095  -4.753  GNP$75US
| 3) 1.03113 0.1713 6.018  IEUS-IEUS\1

w%“n-s&%gﬁg sm‘m?c. 2 0965

SION: 786.4 NORMALIZED: 0.03761
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Appendix 1 (continued) 1-4

MEUREQ

ORDINARY LEAST SQUAEES

TO 1979) 20 OBSERVATIONS
DEPE N G‘{]IARIABEEQ MEUR

COEFFICIENT  STD. ERROR T-STAT INDEPENDENT VARIABLE

2008 .35 854.6 2.350 CONSTANT
1) -63.2797 11.85 ~5.341 PR1
2) 17.8760 0.7094 25.20 GDP$75EUR

- 0.9769
DtRBé?N-SXTSON STATISTI

c: 1.8719
STANDARD ERROR OF THE REGRESSI

ON: 834.2 NORMALIZED: 0.03255

MOTHEREQ

ORDINARY LEAST SQUARES

ANNUAL(1960 TO 1979) 20 OBSERVATIONS
DEPENDENT VARIABLE:  MOTHER

COEFFICIENT STD. ERROR T~-STAT INDEPENDENT VARIABLE

166.851 552.0 0.3025  CONSTANT
D) 4.87825 0.3761 12.97  GDP$TSEUR
2) 1176.67 419.4 2.806  DMI
R-BAR SQUARED:

031
DURB IN-WATSON STAT?S'?’ C: 2.0761
STANDARD ERROR OF THE REGRESSION: 504.4 NORMALIZED: 0.06927

PR1QEQ

ORDINARY LEAST SQUARES

ANNUAL él 62 10 198
b 9 980) Pi]i? OBSERVATIONS

NT VARIABLE : ‘
COEFFICIENT STD. ERROR  T-STAT  INDEPENDENT VARIABLE
1) 0.218438 0.08613 2.536 PRI\l
2) 28.5251  3.914 " 7.288
J 7 CETHORED\ L sioRLD MoRLSSS,
3) 18.8667 z 850 6.620 DPR

R-BAR D: =
DURBIN— ARESON STAT? Tic: kA T{VE T0 ¥=0, RBSQ: 0.9874)
STANDARD ERROR OF THE REGnEssmN. 5.996 NORMALIZED: 0,1259

N S \d——‘—j
il N .



Appendix 1 (continued)

PICA76EQ

ORDINARY LEAST SQUARES

ANNUAL(1960 TO 1980) 21 OBSERVATIONS
DEPENDENT VARIABLE: PICA7

COEFFICIENT  STD. ERROR T=STAT INDEPENDENT VARIABLE
-0.770841 3.565 -0.2162 CONSTANT
05888 0.0411 25.71 Pl
R-BAR S ARED 0.9 i °

706
DURBIN-WATSON STATISTIC: 1.7458
STANDARD ERROR OF THE REGRESSION: 9.987  NORMALIZED: 0.1392

PGUATEQ

ORDINARY LEAST SQUARES

ANNUAL(1960 TO 1 20 OBSERVATIONS
C ? 979) 9

DEPENDENT VARIABLE:
COEFFICIENT STD. ERROR T=-STAT INDEPENDENT VARIABLE
0.674788 2.774% 0.2433 CONSTANT
D 1.14411 0.03451 33.16 P1
DRSICRAIER syhtfstlc: 10608
STANDARD ERROR OF THE GRESSI(N 7.597 NORMALIZED: 0.1035




QEXWORLD = ICA global export quota (000 bags) = a series

PR T e L

Appendix 2

LOGICAL STRUCTURE FOR OPERATION OF COFFEE MODEL UNDER
INTERNATIONAL COFFEE AGREEMENT (ICA) CONTAINING EXPORT
QUOTAS AND PRODUCER ACCUMULATION/LIQUIDATION OF STOCKS
TO KEEP COFFEE PRICE WITHIN RANGE SPECIFIED BY AGREEMENT

1. Basic Coffee Model Solution

SOLVE (t) COFFEEMODEL

IF Price less than $1.15 THEN "Export Quotas and Stock
Accumulation"”

IF Price greater than $1.55 THEN "Stock Liquidation"

IF $1.15 < Price < $1.55 THEN SOLVE (t+l) COFFEEMODEL

II. "Export Quotas and Stock Accumulation"

QEX@Region = ICA export quota assigned to each country or
region (000 bags) = a series

QQ = export quota cuts = Vv(.975,.950,.925,.900)

EXPORTS@Region = QQ*QEX@Region and

QINV@Region = stocks accumulated through quota operation
= QEX@Region~-EXPORTS@Region

SOLVE (t) COFFEEMODEL for new EXPORTS@Region

IF $1.115 < Price < $1.55 THEN SOLVE(t+l) COFFEEMODEL ELSE

try next QQ and new EXPORTS@Region

IF after all QQ have been tried and $1.15> Price THEN exit

with message "Quota cuts and stock accumulation are

insufficient to move price into ICA range; this occurs in

year t."

III. "Stock Liquidation"

LQQ = rate of stock liquidation = V(0.1 to 1.0, step 0.1)

EXPORTS@Region = QEX@Region + LQQ*SUM(QINV@Region).

SUM(QINV@Region) = SUM(QINVERegion) - LQQ*SUM(QINV@Region)
(this expression can be negative)

IF SUM(QINVEALL Regions) > 0 THEN SOLVE (t) COFFEEMODEL with

new EXPORTS@Region ELSE exit with message "Liquidation of

stocks accumulated under guota operation is insufficient

to move price into ICA range; stocks reach 0 in year t."

IF $1.15 < Price < $1.55 then SOLVE (t+l) COFFEEMODEL ELSE

try next 1LQQ (eventually SUM(QINVEALL Regions) will reach 0)

e T




Appendix 3
Model Used for Quota Simulation

95&58- 5“1”2%%0?5 ' <l og;« *Qgg. 1.1456>% 1\1 g;

9 * -
NI MU o N O SR R
?'>"qu3="5 g 1'1\5 35> + <0. 7oaosu>anm\1 + <20.5825>%PR1\1 §§
2> + <1185.1
ASIABOCEEQ: EQUATI
>QASTASOC 36> + <0. 7 1 + <11,28 i 1 s
§;<I1<gﬁgg§3’1,gi’\-‘39§lASOCE\I-? 28 395&3 7}'097>"QASIAENZE
QSAMOTHERE

E
8. 0. 026> + <0.762773>*QSAMOTHER\1 + <S. 70501>*PR1\1 33
2> + <SI|-E521> DSAMOTHER 3

Lwerk: ML o <o ssomubamm ¢ oo gorpxmng g

3>PR1\8))

B GBRA ARBRAY L DarA
jiceR e e o Rafat1- 0T IR MBI 1SRRI b

2> + <0, 40 2§

3>4<4490.96> DIBRA\

AFR2EQ: EQUATION
07.58> 0. >XQAFR\ 1 + <31.4871>% §§
2> ((PR1\8+PR1\9+PR \1 0)? 399 gAF 3

8 EQUATION
+QNAMH-QSAMOTHER+QAFR+QAS 1ASOCE

? NVBRAEQ: EQUATION
>§ns¢£va“-u= QBRA-CONBRA-C 1EBRA-IEBRA\1)) LEQ QEXBRA THEN QINVBRA\1
QBRA-CONBRA~( 1EBRA-TEBRA\ 1))~QEXBRAD+QINVBRA\ 1

NVCG.EQ E QZ&?-‘CWOL ~CIECOL~IECOL\1)) LEQ QEXCOL THEN QINVCOL\1

%%aCOL-CMOL-( IECOL~-IECOL\1))~QEXCOLI+QINVCOL\1

? NVNPB:IF M—CMM-(IEW—IENAM\I)) LEQ QEXNAM THEN QINVNAM\1
W—CM—(IENNQ—IM\D)—W#QIWNM\I

?IN\IMMZRE -IE%A ~CONAFR-(IEAFR-IEAFR\1)) LEQ QEXAFR THEN QINVAFR\1

QAFR-CONAFR-( IEAFR-1EAFR\1))~QEXAFR)+QINVAFR\ 1

INVASIASOCEEQ: TION ’ \
? éNVASlASOC =1F QaeASlASOCE-CmASIASOCE-(IEASIMOCE IEASIASOCE\1)) LEQ

}ﬁgﬁﬁ-mcﬁﬂs?ho&-ﬁﬁau&?émmm»-qemxmk

AS IASOCE\
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Appendix 3 (continued) 3-2

INVSAMOTHEREQ: ATION
INVSWT!'E Q8QSN")Tl'ER—CONSI'MOT!'ER-(lESNﬂTI'ER-IESAN)'"'ER\ 1)) LEQ

SN’OTI-ER THEN QINV THER\1 ELSE §§

' QEAMOTHER-CONSAMOTHER~C IESAMOTHER~ IESAMOTHER
A\ QSAMOTHER-CO \1))-GEXSAOTHER )+

EQUATION
¢ IWIF ?’QBRA-'C(NBRA-(IEBRA-IEBRA\I)) LEQ QEXBRA THEN EXBRA ELSE §§

1>EXC8\E.-IF ?JAOL-CMOL-(IECOL-IECOL\I)) LEQ QEXC(L THEN EXCOL ELSE &8

EXSN‘DTPET'_SES ATION
1>EXSAMO SAMOTHER- WSN‘DTD'ER-(IESN'OTFER-IESN‘DTI'ER\I)) LEQ &6
2>QEXSAMOTHER EXSAMOTHER ELSE QEXSAMOTHER

EQUATION
1>EXA3§91F QAFR-CONAFR-(IEAFR—IEAFR\D) LEQ QEXAFR THEN EXAFR ELSE §§

EXASIASOC

i 1>EXASIA8 F SAS A&OCE-C(NASIACOCE— IEASIACOCE-IEASIABOCE\I)) LEQ &6
2>QEXASIASOC| EXASIASOCE ELSE QEXASIASOCE .
EXWORLDEQ: ATION
1> EXWORLD-E XCOL+EXNM+EXSN’OTI'ER+EXAFR+EXASIASOCE

' XN%S ESUATI(N \
k. IF CQNAM-CONNAM-CIENAM-IENAM\1)) LEQ @XNAM THEN EXNAM ELSE &6

Q: ERATION
1>P2E 218438>%PR <28.5251>* §¢§
2>(( WORLD\1+ch3)RLD\2§>%IEPROD\ éxﬁom.o))) + <18.8667>%DPR

o ?‘
>%E g >-<‘+ 6 04>%PR1-<3.58319>%XGNPS75US+<1 . 04776>%.
US\l : 2 e 2 izéxmo o

2>(IEUS-I LEQ A REXWORLD THEN MUS ELSE A
1>NE Q <200?.135>-<63.2797>"PR1+<17.876>*GDP$7SEUR) LEQ §¢
2>A2% LD THEN MEWR E XEXWORLD
MOTHER! E
1>m IF 8" '& 851>4<k, 87825>*GDP$7SEUR+<1175 67>%DMI) LEQ &5
2>A3XEXWORLD THEN MOTHER ELSE A3BXE
: ATION

S?=PR CPIUS
1EPRODTOTEQ: TION
1>1EPROD=1 1EBRA

"91‘(7:2;8. <Q8A”%h1> + <1.05888>%p1
mgéug#tm HOTHER.

Ac ?{;{% - <40.0123>%PR1 - <2.89770>%XGNPS$75US §8

‘ %> + <987 383 .
&Ww%?hf%xm&xmtmmwmwmm

o A LTSI S OP
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Appendix 3 (continued) 3-3

PGUATEQ: E
1>PGUAT= 3°A7u7as> + <1.14411>%pP]

PBRICAE EQ!;ARSND + <1.33736>%pP1

PCOLE
1>PCGQ.- <?:u8\0259> + <1.13986>%P1

Mgi 58”911% + <1.13934>%p]

POTHERMILDEQ: EQUATION
1>POTHERMILD= +Q2‘1\ 09966>%P1

STAE €
1>P QgAIOZSID + <1,11112>%pP]

Routines (Based on_rppendix 2)
Used for Quota Simulation

SOLVE: ROUTINE
«5>D0 FlNlS"ER
>SET INT=82 TO 86
>ORIGWEL—CWFEE@Q,°TA2
>DO START
.; B gPLAY "SQ.V? TRI&YEAR(STARTDATE(@!NT))) /

ORI
>IF PlCA760L§g 115 Ti'EN DO LOWS75
1

CO~IOWN

VVYVVVYVY

mwn-—-aom VIR O
v
ﬁm
|
"
.
—
n

JSTF FCATO-LED 115 THEN DO LOWS?S
SINIgI'ER

BIF PIAI°06

IABOCE=33
IF SPECIFIED?MALL) THEN DO NEWQINV

{13 e,
{3 fvors

>S&VE

>M§F n-m DO LOWSS0 |
DECIDE g THEN DO SUMINVSO1




Appendix 3 (continued)

L 0: ROUTINE
%3 FINISHER
Z;LOG;_IxBY QUOTAS BEGIN
>SOLVEE'C%FFEE@?JOTA2
TRACKk 5
§>IF PICA7 LE? 11 08 EWQ25
ELSE GO 1O CI
>DECIDE1: IF PICA7 GEQ 155 THEN DO SUMINVS01
10> ELSE DO FINISHER
LOW925: ROUTINE
%>EOMPFINIS'Y'E TAS BEGIN
25, g0
>SOLVE CG"FEE

§>IF PTRA%LLES 15 mlsge 60 ngsoo

DEC
8>DECIDEI IF PICA76 GE! 155 THEN DO SUMINVSO1
10> ELSE DO FINISHE

00: ROUTINE
FINI

; LOG’ iFEY QUOTAS BEGIN

§>IF PICA%FITEQS;'O
/

ISPLAY /,™ TA CUTS ARE INSUFFICIENT TO MOVE PRICE INTO ICA RANGE",
13>EI.SE 6O TO DECIDE1 ‘

1%>DECIDEIEE§EP DSAZB %55 THEN DO SUMINVSO1

AR

: mﬁmm

a;SIWASI =SUMBAS 1AS0CE
SUMINVSO01: RGJT"E

M THER® .9

Yobia 9 ,IQUOTA ggoc&s REACH o",/

1
11>D00 FINIS!'ER

Exu?ﬁmswswrren+suﬂm+mmocs) '

3-4




Appendix 3k(continued)

"} SRRy SRR 2SS (R IR
E 53 6#3“50“?&5%& AESU&%WASM ;§1 BRAEGHOL (EXCOLEQHO1,

% SCOFE vgegggous-oaosk COFF QUOTA2)

8 >1I.F 9%CA76 GEQ 55 THEN DO SUMINVS03

UM

ELSE DECIDE2
INE,

1

SUMINVSO

g

%;g Eou.—g CoL . ;

35> SUMENAM= SUMANAM: - 7

4> SUMASAMOTHE -sm’zsmorrﬁax 7

32 g?'s E= wélsmocex

§'°1’F Afgc gmswc%+al{%mswswma+m+mlm)
SPLAS 9 ,"QUOTA STOCKS on,/

1 >DO FINISI‘ER

INE
1>C02FEE TM_COFF% OTA2 EXCEPT N.(EXB sq-m 13
z>COFFIEEIE Quo'rAz-E c0|=: FEE TAé CONCA NL(EXBRAE §E

EXNANE oc3 EX
3>corr -ORDER COFF
>SOLVE

>TRACKHIGH=
IF PICA76 GEQDOS Da SUMINVS0S5
DECIDE2

su;éswmsax 5

Asmt 'W sné%gmsmwmmeme)

DS Q" TA STOCKS REACH 0",/
13>oo FINIS!-ER Qo ’

?>%;EE%‘IT§-COFFEE TA2 EXCEPT NL

CEXBRAE
R h%ﬁ@cmﬁ%‘ Bt
A2

SAMDTHER+SUMEAFR+SUHOASIASOCE)
on,/
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Appendix 3 (continued) 3-6

HIGHO7 : %
1>corv=ee TA2-COFFEE§800TA2 EXCEPT ngcsxauﬁ%ée EQHO5, 56
25>EXNAME SAMOTHE
;'>cort=ee QUOTAZ-E-COFF Tﬁésmo m;w IR EQHO7,
2>co|=|=ee T -oaoET R cowgggquomz)

>soc.ve
8>IF chms GEQDongaEDgzoo SUMINVS09
SUMINVS09: '

INE
1>SUMdBRA=SUMABRA* .001
2>SUMGCOL=S COL".OOI

2 SuManar 01
>s f‘@?: -su'ésmorreax 001 _
3 owcg-suﬁAsmocsx h

£>?F %:ELU'Q 1 03WW£U‘J§MSWSWTER+WR+SWASIASOCE)
§>ELS PRINT S

165D0 FINISHER A |
DR e R RO A2=COFFEEQQUOTAZ EXCEPT N CEXBRAEQHDT Q07,85
%:;Eorlrsl 3 fA2=COFFEE@8%n AT OCAT Qﬁsg Mﬁ&”meqm,
g ExAsu?Hocgé 5‘90 /€ %
>COFFEE =ORDERCCOF TA2)

PR rtechais

3>u= PICA76 GEQ 155 THEﬁ 22
Y /,"QUOTA STOCKS EXHAUSTED BUT PRICE STILL NOT IN ICA RANGE",/

11> RINT S

12>D0 FINISHER

19>

2PRINT EXBRAEQHO1 ,EXBRAEQH03 , EXBRAEQHO5 , EXBRAEQH07 , EXBRAEQH09

%);BE)R(QE ig%—C%RA-CIEBRA-IEBRA\I)) LEQ QEXBRA THEN EXBRA ELSE 123

XBRA%&IOB EQUATION
S C(RNA?RA-(IEBRA-IEBRA\I)) LEQ QEXBRA THEN EXBRA ELSE §§

1E>EXBE ORATIE gggi'ﬂlm (4EBRA-IEBRA\1)) LEQ QEXBRA THEN EXBRA ELSE §§
2>QEXBRA+( . N

7: EQUATION
%>EXBR;£:( %RA-(IEBRA-IEBRA\I)) LEQ QEXBRA THEN EXBRA ELSE &6

M{%'&M(tamxem\m LEQ QEXBRA THEN EXBRA ELSE 66

v







